The enzymatic assay for gentamicin based upon the adenylylation of this aminoglycoside has been reported (1, 4, 7, 8) . The enzyme required for the adenylylation is usually prepared from Escherichia coli W677/HJR66 by using the osmotic-shock procedure (6) . Technical problems concerning the assay procedure have been described (2, 4, 9) and may be related to a low yield of the enzyme (gentamicin adenine mononucleotide transferase [GAdT] ) in the osmotic extracts. We report increased yields of GAdT activity in extracts obtained after a double osmotic shock.
E. coli K-12 W677/HJR66 (kindly provided by D. H. Smith, Children's Hospital Medical Center, Boston, Mass.) was grown overnight in 25 ml of Trypticase soy broth (Baltimore Biological Laboratory, Cockeysville, Md.) supplemented with gentamicin (100 ,ug/ml). A sample (5 ml) from this culture was diluted to 1 liter with Trypticase soy broth and incubated in a rotary shaker at 37°C (New Brunswick Scientific Co., New Brunswick. N.J.) for 90 to 120 min until optical density at 490 nm of 0.3 was reached. Gentamicin was not added to this last medium to avoid high background activity in the assay (4) . Shock extracts were prepared using the technique reported previously (4, 6, 7) . The supernatants obtained at the end of the procedure were supplemented with reduced dithiothreitol (Sigma Chemical Co., St. Louis, Mo.) in a final concentration of 0.01 M. Small samples of the isolates (1 ml) were frozen quickly in liquid N2 and stored at -20°C. Protein content of the extracts was measured by the method of Lowry et al. (5) .
GAdT activity was determined by using the procedures previously described (4, 7) . To a standard reaction mixture containing 0. Using the assay procedure for each osmotic extract, a standard curve was drawn. In the assay, 1 unit of GAdT is defined as that amount that produces 1 pmol of gentamicin adenylylate in 1 min at 36°C.
Only one out of six shock extracts contained a satisfactory GAdT activity (5.67 U/ml; specific activity, 4.73 U/mg of protein). The enzymatic activity of the remaining extracts varied from 0.07 to 2.60 U/ml of extract, whereas the specific activity ranged from 0.13 to 2.60 U/mg of protein. The protein content of the extracts ranged from 500 to 1,200 ,ug/ml in all cases, suggesting that the shock treatment was sufficient but not fully adequate to release the adenylylating enzyme.
We decided to subject the pellet remaining after the shock procedure to a second osmotic shock performed in a similar manner. The pellet was resuspended immediately in 20% (wt/ vol) sucrose with 0.003 M ethylenediaminetetraacetate and 0.033 M Tris-chloride (pH 7.3), gently stirred (for 10 min at 20°C), and centrifuged (12,000 x g for 10 min at 4°C). The packed cells were quickly resuspended in ice-cold 0.0005 M MgCl2 6H20 and stirred at 0°C for 10 min. After centrifugation at 26,000 x g at 40C for 10 min, the supernatant was collected and designated as the "double-shock" extract.
The treatment yielded extracts with significantly higher GAdT activity than in single- shock extracts ( Table 1 ). The protein content was similar in both single-and double-shock extracts, but specific activities were increased in the latter except on one occasion (extract III), due to the fact that a high enzymatic activity was already present in the single-shock extract. The viability of E. coli cells after a double shock was in agreement with that reported after a single shock (6) . Viability studies performed by using the pour plate method showed that the number of cells was lowered from 1.90 x 108 to 2.0 x 108 (initial count) to 1.80 x 108 to 1.85 x 108 cells per ml after the single shock and to 1.60 x 108 to 1.70 x 108 cells per ml after the double shock.
The double-shock extract was assayed for adenylylation of gentamicin and sisomicin (Schering Corp., Essex Co., The Netherlands), tobramycin and kanamycin (Bristol Laboratories and Eli Lilly & Co., The Netherlands), and streptomycin and neomycin. Optimal activity was found for gentamicin, whereas intermediate activity occurred with sisomicin and tobramycin (Fig. 1) . The reproducibility of the assay for gentamicin was estimated. For concentrations of 3, 5, and 10 ,ug/ml of serum, the values within two standard deviations differed from the mean by s18%.
In assays using single-shock extracts, low background activity was reported when osmotic extracts were prepared from E. coli cells grown in gentamicin-free medium (4). We have had similar results with double-shock extracts and dialyzed (double) shock extracts (Tris-chloride buffer at 4°C for 4 h).
The instability of the enzymatic activity in the double-shock extracts is comparable to that in the single-shock extracts (4, 7).
The osmotic-shock procedure was described originally as a method for the release of hydrolytic enzymes from the periplasmic gap (6), where GAdT has been suggested to be situated (7) . Since the activity profiles of periplasmic hydrolytic enzymes and GAdT showed differences, Goldman and Northrop (3) suggested that there are large differences in their periplasmic location. It is possible that the release of GAdT as compared with other enzymes is more difficult because of this location difference. The binding of GAdT to an unknown component in the periplasmic region, thereby hindering its release after a single shock, must also be considered. Our experiments show that high GAdT activity is always obtained with the double-shock procedure, whereas with the single-shock procedure high GAdT activity only occasionally occurs.
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